PRUNE2 plays an important role in regulating tumor cell differentiation, proliferation, and invasiveness in neuroblastoma. Our previous study revealed that PRUNE2/OBSCN two-gene relative expression classifer accurately differentiated leiomyosarcoma from gastrointestinal stromal tumor. However, the association between PRUNE2 expression and prognosis in leiomyosarcoma is poorly understood. In this study, we evaluated the prognostic role of PRUNE2 in leiomyosarcoma. PRUNE2 expression was detected using immunohistochemistry in 30 formalin-fixed, paraffin-embedded leiomyosarcoma tissues from MD expression was significantly associated with tumor size (P = 0.03) and hemorrhage/cyst (P = 0.014), and was an independent favorable prognostic factor for overall survival in leiomyosarcoma patients from Tianjin
Leiomyosarcoma is a rare malignant soft tissue tumor, accounting for approximately 10% of soft tissue sarcomas [1] . These tumors occur primarily in the uterus and gastrointestinal tract, and have phenotypic features of smooth muscle differentiation [2, 3] . Leiomyosarcoma is difficult to treat, and the prognosis for the disease is poor. PRUNE2 (prune homolog 2, Drosophila) is a susceptibility gene for Alzheimer disease and an important regulator of Rho signaling [4, 5] . High PRUNE2 expression has been reported in the nervous system and the brain of humans, as well as in the spinal cord of mice [5, 6] . We previously showed that PRUNE2/OBSCN twogene relative expression classifer could be used as a biomarker to accurately distinguish leiomyosarcoma from gastrointestinal stromal tumors [7] . Recently, Machida et al. [6] reported that PRUNE2 regulates differentiation, proliferation, and invasion of neuroblastoma tumor cells and that increased expression of this protein is associated with favorable prognosis in human neuroblastomas. However, our previous data showed that PRUNE2 mRNA expression was not significantly associated with survival time in leiomyosarcoma patients [8] . Thus, the association between PRUNE2 expression and prognosis is poorly understood in leiomyosarcoma patients. To determine the prognostic role of PRUNE2 in leiomyosarcoma, we investigated the association between PRUNE2 protein expression and survival.
Materials and Methods

Patients and clinical information
We obtained formalin-fixed, paraffin-embedded tissue sections from 30 leiomyosarcoma patients at the University of Texas MD Anderson Cancer Center (MDACC; Houston, Texas, USA). These included samples from the retroperitoneum (n = 12), gastrointestinal tract (n = 9), uterus (n = 6), and skin (n = 3).
To validate the results obtained with the MDACC samples, another cohort of 45 formalin-fixed, paraffin-embedded tissues from patients with leiomyosarcoma were retrieved from Tianjin Medical University Cancer Institute & Hospital (TMUCIH) for further study. The patients' clinicopathologic characteristics, including sex, age, clinical stage, degree of cell differentiation, tumor location, tumor size, the presence or absence of hemorrhage/cyst, and histopathologic subtype, were also collected. The tissues had been acquired from 18 male and 27 female patients with a mean age of 55.8 years. Histopathologic subtypes were assigned based on the 2002 World Health Organization classification of tumors of soft tissue and bone [9, 10] . Overall survival time was defined from the date of diagnosis or the first treatment to the date of death or last follow-up. Overall survival ranged from 1 to 74 months, and the median survival was 19 months. The study protocol was approved by the institutional review boards of both hospitals, and consent was obtained from each patient.
Immunohistochemical (IHC) analysis
IHC staining was performed on all tissue samples using conventional methods. Briefly, tissue sections (4 µm) were dewaxed with xylene, rehydrated with ethanol, soaked in citrate buffer solution (10 mmol/L, pH=6), and boiled in a pressure cooker for 2.5 min to repair the antigen. Endogenous peroxidase activity was blocked with 3% H 2 O 2 for 20 min. The sections were then blocked for 20 min with normal serum (Vector Laboratories, Burlingame, CA) and incubated overnight at 4°C with rabbit polyclonal anti-PRUNE2 antibody (Abcam Company, Abcam, Cambridge, UK; diluted 1:100). The antibody was substituted with PBS as a negative control. Secondary antibody was applied for 60 min (one drop of biotinylated anti-rabbit with three drops of normal rabbit serum). DAB (DAKO Corporation, Carpinteria, CA) staining was applied for 5-10 min and monitored by microscopy. Sections were counterstained for 30 s with hematoxylin and dehydrated with ethanol and xylene. Finally, all sections were mounted on coverslips.
Two pathologists blinded to clinical information evaluated and scored PRUNE2 staining based on staining extent and intensity [6] . Ten random high-power fields, each containing approximately 100 cells, were observed under the microscope (40×). First, staining extent was scored according to the proportion of positive tumor cells: 0% (score 0), ≤ 10% (score 1), 11% to 25% (score 2), 26% to 50% (score 3), 51% to 75% (score 4), and > 75% (score 5). Second, staining intensity was scored based on the color observed: no color (score 0), yellow (score 1), tan (score 2), and brown (score 3). Final scores were calculated by adding the extent and intensity scores, and the results were used to divide patients into two groups: low expression group, for final scores of 0-4, and high expression group, for final scores > 4.
Statistical analysis
SPSS statistical software version 16.0 for Windows was used for data analysis. Comparisons of frequencies were made with the chi-square test. Kaplan-Meier survival analysis (log-rank test) and multivariate Cox regression analysis were used to examine the relationship between overall survival and PRUNE2 protein expression. Two-tailed P values less than 0.05 were considered statistically significant.
Results
The protein expression and prognostic role of PRUNE2 in leiomyosarcoma samples from MDACC
In the 30 leiomyosarcoma tissues from MDACC, PRUNE2 protein staining was predominantly in the cytoplasm of cells ( Figure  1 ). Low expression was discovered in 63.3% (19/30) of the samples ( Figure 1A ), while high expression was observed in 36.7% (11/30) ( Figure 1B) . To investigate the prognostic role of PRUNE2, we analyzed the association between PRUNE2 protein expression and overall survival. Univariate analysis showed that PRUNE2 protein expression had no significant association with overall survival (χ 2 = 0.246, P = 0.62) (Figure 2A ).
The protein expression and prognostic role of PRUNE2 in leiomyosarcoma samples from TMUCIH To validate these results and further evaluate the prognostic role of PRUNE2 in leiomyosarcoma, we used a larger cohort of leiomyosarcoma tissue samples from TMUCIH. In this set of 45 samples, PRUNE2 was also predominantly detected in the cytoplasm; and 62.2% (28/45) had low expression, while 37.8% (17/45) had high expression. We also analyzed the association between PRUNE2 protein expression and clinicopathologic factors, and found that PRUNE2 protein expression was significantly associated with tumor size (P = 0.03) and the absence of hemorrhage/cyst (P = 0.014) ( Table 1 ). In addition, univariate analysis showed that there was a significant association between PRUNE2 protein expression and overall survival (χ 2 = 5.399, P = 0.02) ( Figure 2B ), with longer survival noted among patients with high levels of the protein. Furthermore, multivariate analysis revealed that high PRUNE2 protein expression was an independent, favorable prognostic factor for overall survival (HR = 0.373, P = 0.025).
Discussion
The most important contribution of this study is that we found a significant association between PRUNE2 protein expression and overall survival, and that PRUNE2 protein expression was an independent prognostic factor for leiomyosarcoma. More specifically, leiomyosarcoma patients with higher PRUNE2 protein expression exhibited a better survival trend, suggesting that increased levels of the protein might be a favorable prognostic factor for leiomyosarcoma. Similarly, in neuroblastoma and prostate cancer, PRUNE2 protein is highly expressed and also plays a prognostic role [6, 11] . On the other hand, we found no statistically significant association between PRUNE2 mRNA expression and survival time in tissue samples from patients at MDACC in our previous study [8] . Here, Kaplan-Meier survival analysis revealed no significant relationship between overall survival time and PRUNE2 protein expression in samples from MDACC, which is consistent with our previous result [8] . Nevertheless, in the larger cohort of samples from TMUCIH, PRUNE2 protein expression showed a significant association with overall survival and was an independent prognostic factor. Thus, patients with higher PRUNE2 expression survived longer, indicating better prognosis. It is unclear why the results from MDACC and TMUCIH samples were different. Possible causes are the differences in race among the patients from each center and in the number of cases.
We also found that PRUNE2 protein expression was significantly associated with tumor size and hemorrhage/cyst. Specifically, PRUNE2 protein expression was higher in the smaller tumor size group (<10 cm). Because PRUNE2 plays an important role in regulating cell differentiation and apoptosis, this result suggests that patients with larger tumors may have worse survival. Leiomyosarcoma is a rare soft tissue tumor that can occur anywhere in the human body. Several factors have been reported to predict poor outcomes in patients with leiomyosarcoma, including advanced age, vascular invasion, DNA aneuploidy, and c-Myc expression [2, 12, 13] . In particular, c-Myc expression was reported to be a marker for poor prognosis in leiomyosarcoma [13] . In this study, we have identified that PRUNE2 protein expression level can serve as a prognostic factor for leiomyosarcoma.
In conclusion, we report the association between PRUNE2 protein expression and prognosis in human leiomyosarcoma. Survival 
